PCT 

INTERNATIONAL APPLI 



VORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 



N PUBLISHED UNDER THE PATENT 



C(4^R 




ATION TREATY (PCT) 



(51) Internationa) Patent Classification 6 : 

A61K 39/12, 39/29, C12N 7AX), 7/01, 
7/04, 15/00 



Al 



(11) International Publication Number: 
(43) Interna tk>nal Publication Date: 



WO 98/11916 

26 March 1998 (26.03.98) 



(21) International Application Number: PCT/US97/I6541 

(22) International Filing Date: 18 September 1997 (18.09.97) 



(30) Priority Data: 

60/026,313 



18 September 1996 (18.09.96) US 



(71) Applicant: THE BOARD OF REGENTS OF THE UNIVER- 

SITY OF TEXAS SYSTEM [US/US]; 201 W. 7th Street 
Austin, TX 78701 (US). 

(72) Inventors: SHIH, Chiaho; 1815 Orchard Country Lane, Hous- 

ton. TX 77062 (US). YUAN, Ta-Tung; 6315 Central City 
Boulevard #121. Galveston. TX 77551 (US). 

(74) Agent: ADLER, Benjamin, A.; McGregor & Adler, P.O. Box 
710509, Houston, TX 77271-0509 (US). 



(81) Designated States: AL, AM, AT, AU. AZ. BB. BG. BR. BY, 
CA, CH, CN, CZ, DE, DK. EE. ES. FL GB. GE, HU. IL. 
IS, JP, KE. KG. KP, KR. KZ, LK, LR, LS, LT. LU, LV, 
MD. MG. MK, MN, MW, MX, NO, NZ, PL, PT, RO, RU. 
SD, SE, SG, SI, SK, TJ, TM, TR, TT, UA, UG, UZ, VN, 
Eurasian patent (AM. AZ, BY, KG. KZ, MD, RU, TJ, TM). 
European patent (AT, BE, CH, DE, DK, ES, FI, FR, GB, 
GR, IE, IT, LU, MC. NL, PT. SE), OAPI patent (BF. BJ, 
CF, CG, CI, CM, GA, GN, ML. MR. NE, SN, TD, TG). 



Published 

With international search report. 



(54) Title: VIRAL DEFECTIVE INTERFERING PARTICLES AND USES THEREOF 



(57) Abstract 

The present invention provides a composition of matter comprising a defective interfering virus particle, wherein said particle naturally 
occurs in a human infection and wherein said particle has a naturally occurring core antigen internal deletion. Provided is a pharmaceutical 
composition, comprising defective interfering virus particle and a pharmaceutically acceptable carrier. Provided is a method for preparing 
defective intefering virus, comprising the steps of: (1) introducing a defective interfering virus and a complementing plasmid expressing a 
wild type virus core antigen and optionally containing a drug resistance gene, into a recipient cell; (2) selecting for stably tranfected colonies; 
(3) growing the drug resistant cells and screening for the production of virus DNA replication; and (4) collecting defective interfering virus 
particles from the medium. Further provided is a vaccine, comprising a defective interfering virus particle. 
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5 VIRAL DEFECTIVE INTERFERING PARTICLES 

AND USES THEREOF 



BACKGROUND OF THE INVENTION 

10 

Field of the Invention 

The present invention relates generally to the fields of 
molecular virology and immunology. More specifically, the 
present invention relates to viral defective interfering particles 
1 5 and uses thereof. 

Description of the Related Art 

"Incomplete particles" were discovered by von Magnus 
in 1947 during successive undiluted passages of influenza viruses 

20 (von Magnus *47). In general, these incomplete particles contain 
less than a full-length genome and are replication-defective. They 
can be rescued by and interfere with the replication of 
homologous helper viruses. 

To date, most defective interfering particles are 

25 discovered in laboratory settings (Holland et al., '87 & '91; 
Dimmock '96). It is not known if defective interfering particles 
could also exist in natural infection in humans. Furthermore, most 
defective interfering studies have demonstrated a correlation 
between genomic deletion and the defective interfering 

30 phenotype. Whether deletion is indeed the cause to the defective 
interfering phenomenon and whether the identified deletion alone 
is necessary and sufficient for the defective interfering behavior, 
have never been proven experimentally. 

Another important characteristic of these incomplete 

35 particles is their ability to enrich their proportion of the total viral 
yield in mixed infection with wild type and incomplete viruses 
(Holland *87). Based on these properties, Huang and Baltimore 
defined these biologically active defective particles as defective 
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interfering (DI) particles and the replication competent 
homologous virions as standard virus (Huang & Baltimore, '70). 
Defective interfering particles are wide-spread in many DNA and 
RNA viruses in bacteria, plants and animals (Holland, '87; Huang & 
5 Baltimore, '77). The biological significance of these defective 
interfering particles remains an important and intriguing issue in 
virology and evolutionary biology. Defective interfering particles 
may play a key role in disease progression of chronic infection. 

Hepatitis B virus (HBV) is one of the most common 
10 infectious agents in humans (approximately 200 million chronic 
carriers of HBV worldwide) and chronic active hepatitis B infection 
leads to the development of cirrhosis and liver cancer (Shin et al, 
'96). HBV infection is the most common cause of death due to 
viral infections in humans and is behind only malaria as a cause of 
15 death from an infectious agent. Every newborn should be 
vaccinated against HBV. To date, there is no simple, specific and 
effective therapy for a deadly fulminant hepatitis B infection. 

The molecular and cellular mechanism of chronicity 
and pathogenesis of HBV infection remains to be elucidated. HBV 
20 replication in various hepatoma cell lines in tissue culture does not 
exhibit any apparent cytopathic effect (Sureau et al., '87; Shih et 
al., '89). It is generally believed that hepatitis and liver damage 
are due to immune-mediated cytotoxicity (Milich '91; Chisari & 
Ferrari, '95). HBV core antigen (HBcAg or nucleocapsid protein) 
25 has been shown to be a major target of T cell immunity (Mondelli 
et al., '82, Vento et al., '85; Ferrari et al., '90; Tsai etal., '92). 

Immune escape mutations are known to occur within 
the major histocompatibility complex (MHC) class I-restricted 
cytotoxic T lymphocyte (CTL) epitopes (Pircher et al., '90; Phillips 
30 et al., '91). Surprisingly, frequent missense mutations of HBcAg 
were found to coincide with mapped MHC class II-restricted T cell 
epitopes (Hosono et al., '95; Lee et al., '96; Bozkaya et al., '96). I n 
addition to these missense mutations, a naturally occurring core 
antigen internal deletion (CID) was found to be geographically 
35 ubiquitous in 4 out of 4 asymptomatic HBV carriers (Okamoto et 
al., '87), 7 out of 11 chronic active hepatitis (Wakita et al., "91), 2 
out of 10 hepatocellular carcinoma tissues (HCC) (Hosono et al, '95) 
and 6 out of 6 HBV-infected immunosuppressed transplantation 
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patients (Gunther et aL, *95). More often, these deletions were in- 
frame, occurring around HBcAg codon 80-130, and varying in size 
from 18 to 61 amino acids (approximately 10-33% of wild type 
HBcAg). The amino terminal moiety of HBcAg is responsible for 
5 the polymerization of nucleocapsid particles, while the arginine- 
rich carboxyl terminus of HBcAg is known to be involved in 
binding of HBV pregenomic RNA and the reverse-transcribed 
cDNA (Gallina et aL, '89; Hatton et aL, f 92). The internal deletion of 
HBcAg is located outside the nucleic acid binding domain and its 
10 biological functions have been unclear. 



and the initial reports of core internal deletion (CID) mutants of 
HBV was by Okamoto et aL in 1987 and Wakita et aL in 1991. 
However, there has been no report of HBV defective interfering 

15 particles. Previously, Gerin et aL reported the identification of 
HBV defective interfering particles based on the morphology of 
"empty" particles under electron microscope. ( American J. of 
Path. , 81:651-668, 1975). As mentioned earlier, the definition of 
defective interfering is a functional one, not strutural. 

20 Morphological features are neither a necessary nor a sufficient 
criterion for the definition of defective interfering particles. To 
the contrary, defective interfering particles are not "empty" or 
without viral genome. Defective interfering particles do have a 
functionally defective genome. Therefore, defective interfering 

25 particles are a life form which can perpetuate itself, while "empty" 
particles are not life form, since they are simply protein 
aggregates and do not have a genome to duplicate themselves. 
Although there has been speculation that CID mutants of HBV 
could be defective interfering particles (Akarca & Lok, "95), no 

30 experimental data, evidence and proof of the four major 
characteristic features of defective interfering particles, i.e., 
replication defective, rescuability by helper viruses, interference 
of helper virus, and enrichment of defective interfering particles, 
has been reported. As admitted by the authors, "We acknowledge 

35 that we do not have direct proof that the deletions result in 
defective genomes" (p. 1825 near the end, Akarca & Lok, '95 ). 
This deficiency in the prior art's ability to determine defective 
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interfering particles is in part due to both technical and conceptual 
difficulties. 

The conventional approach of identifying defective 
interfering particles relies on plaque assay and infection assay. 
5 Since HBV infection in tissue culture is not a well established 
procedure, and HBV replication in tissue culture does not produce 
plaques, there is no prior art as to how to determine the presence 
of defective interfering particles without infection and plaque 
assay. The CID mutants also contain a number of mutations 

10 elsewhere in the HBV genome. It is not obvious how one could 
circumvent these complications to study the native naturally 
occurring CID mutation without the enormous complication from 
other coexisting mutations in the CID variants. 

A misconceptual difficulty in the prior art involves the 

15 nomenclature of defective interfering particles. In fact, 
"enrichment" is another equally important feature of defective 
interfering viruses. The prior art nomenclature often leads to the 
misconception that the overall viral titer will be dramatically 
decreased due to a dominant negative effect of defective 

20 interfering particles. 

Laboratory-derived defective interfering particles of 
human hepatitis A virus (HAV) have been reported (Siegl et al„ 
'90 and '93). However, these HAV-defective interfering viruses 
were originated from tissue culture in the laboratory setting. As 

25 admitted by the authors (Siegl et al., '90, page 106): " Under 

conditions of natural infection, however, defective interfering 
particles of the very same viruses have not yet been observed. 
Hence, it is not known whether the predicted positive and/ or 
negative effects of this specific class of particles play the expected 
30 role during natural infection....". Second, HAV and HBV are 
different viruses. HAV is an RNA virus transmitted via the oral- 
fecal route while HBV is a DNA virus transmitted through blood 
and intimate contact. 

The prior art is deficient in the lack of the 
3 5 understanding, experimental support, evidence and proof of the 
functional behaviors of defective interfering particles in human 
viruses in natural infections. The present invention fulfills this 
longstanding need and desire in the art by providing experimental 
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data, evidence and proof of the functional features of human 
defective interfering viruses. 



SUMMARY OF THE INVENTION 



Internal deletion of human hepatitis B virus (HBV) 
core antigen is frequently found in HBV infections worldwide. 
Functional characterization of these mutants revealed features 
reminiscent of defective interfering particles (DI) originally 
discovered in influenza virus half a century ago. Internal deletion 
of HBV core antigen is necessary and sufficient for the defective 
interfering phenotype. The virus-virus interactions between the 
populations of wild type and defective interfering particles could 
provide a way of quantitative modulation of immune targets in 
virus-host interactions in pathogenesis and persistence of HBV 
infection. The present invention demonstrates the first 
experimental evidence that defective interfering variants exist in 
natural infection in humans. The present invention also 
determined whether the naturally occurring CID mutation, 
identified from HBV-infected human patients, can confer any 
defective interfering phenotype when this mutation is introduced 
into a wild type HBV background. 

In one embodiment of the present invention, there is 
provided a composition of matter comprising a defective 
interfering virus particle, wherein said particle naturally occurs in 
a human infection and wherein said particles has a naturally 
occurring core antigen internal deletion. 

In another embodiment of the present invention, there 
is provided a pharmaceutical composition, comprising defective 
interfering virus particle and a pharmaceutical^ acceptable 
carrier. 

In yet another embodiment of the present invention, 
there is provided a method for preparing defective interfering 
virus, comprising the steps of: (1) introducing a defective 
interfering virus and a complementing plasmid expressing a wild 
type virus core antigen and optionally containing a drug resistance 
gene, into a recipient cell; (2) selecting for stably transfected 
colonies; (3) growing the drug resistant cells and screening for the 
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production of virus DNA replication; and (4) collecting defective 
interfering virus particles from the medium. 

In still yet another embodiment of the present 
invention, there is provided a vaccine, comprising a defective 
interfering virus particle of the present invention. 

In yet another embodiment of the present invention, 
there is provided a vector comprising a DNA sequence coding for a 
defective interfering virus particle of the present invention, 
wherein the vector is capable of replication in a host and said 
vector comprises, in operable linkage: a) an origin of replication; b) 
a promoter; and c) a DNA sequence coding for a defective 
interfering virus particle. 

In yet another embodiment of the present invention, 
there is provided a host cell transfected with a vector of the 
present invention, said vector expressing a defective interfering 
virus particle of the present invention. 

In yet another embodiment of the present invention, 
there is provided a novel cell line producing the defective 
interfering virus particle of the present invention. 

Other and further aspects, features, and advantages of 
the present invention will be apparent from the following 
description of the presently preferred embodiments of the 
invention given for the purpose of disclosure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

So that the matter in which the above-recited features, 
advantages and objects of the invention, as well as others which 
will become clear, are attained and can be understood in detail, 
more particular descriptions of the invention briefly summarized 
above may be had by reference to certain embodiments thereof 
which are illustrated in the appended drawings. These drawings 
form a part of the specification. It is to be noted, however, that 
the appended drawings illustrate preferred embodiments of the 
invention and therefore are not to be considered limiting in their 
scope. 

Figure 1 shows that the HBV-CID variants are 
replication defective upon transfection into human hepatoma cell 
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line Huh7. Figure 1A illustrates the deletion regions of HBV core 
antigen of two different CID variants identified from two different 
hepatoma patients T85 and T109. This deletion region does not 
overlap with any other HBV genes, including X, P (polymerase) 
5 and pre-S/S (envelope). DEL85 deleted amino acids 88-135 while 
DEL109 deleted amino acids 82-122. To construct plasmids 
pDEL85 and pDEL109, the DNA fragments of nucleotide 1636 to 
2688 containing the mutant HBV core gene were PCR amplified 
from total DNA samples of hepatomas T85 and T109 (Hosono et al M 

10 '95), and were used to replace both copies of the wild- type 
counterparts of an HBV tandem dimer plasmid (Roychoudhury & 
Shih, '91). Figure IB shows that five days after transfection with 
wild type or mutant HBV, viral DNAs of intracellular core particles 
were harvested and subjected to Southern blot analysis using the 

15 3.1 kb full-length vector-free HBV DNA probe (Yuan et al> '95). No 
detectable replication of mutants pDEL85 and pDEL109 were 
observed. Figure 1C shows that encapsidation activity was 
assayed by primer extension using core particle-associated viral 
RNA from transfected culture and a S'-end-labeled oligonucleotide 

20 primer (nucleotides 1980 to 2001) (Roychoudhury et ah, '91). 
Figure ID shows that similar levels of the pregenomic RNA were 
produced from wild type and CID mutants. Twenty five 
micrograms of cellular RNA from transfected cells were subjected 
to Northern blot analysis and probed with a 3.1 kb full-length 

25 HBV probe (top). Similar amounts of cellular RNA were used in 
each lane as indicated by similar intensity of ethidium bromide 
staining (bottom). Figure IE shows that the reporter gene of 
chloramphenicol acetyl transferase (CAT) gene was fused in-frame 
with the carboxyl termini of the pol genes originated from pWT, 

30 pDEL85, and pDEL109. CAT activities of the pol-CAT fusion 
proteins were measured two days after transfection (Pei & Shih, 
'91). Figure IF shows that the core proteins produced from pWT, 
pDEL85, and pDEL109 were analyzed by immunoblot assay using a 
rabbit polyclonal anti-core antibody (Lanford). 

35 Figure 2 shows that the replication defective CID 

mutants can be rescued by trans-complementation with wild-type 
HBV core antigen and secreted into media with a similar buoyant 
density to wild-type HBV. Figure 2A shows that various doses of 
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a wild-type HBcAg expression vector, pSVC, was co-transfected 
with constant amount of pWT, pDEL85 and pDEL109, respectively. 
Viral DNAs of intracellular core particles were analyzed by 
Southern blot using the 3.1 kb full-length HBV probe. Figure 2B 
5 shows that ten micrograms of pDEL85 or pDEL109 was either 
transfected alone or with 10 \ig of pSVC. Extracellular HBV 
particles from 20 ml conditioned media were collected 5 days 
after transfection via centrifugation through a 20% sucrose 
cushion. Figure 2C: medium collected from cells transfected with 
10 10 fig of pWT. Viral particles in the media were purified and 
subjected to isopycnic centrifugation. Fractions were assayed for 
HBsAg using Abbott Auszyme EIA kit {top). Southern analysis 
located the fractions containing HBV gcnomtsf bottom). Figure 
2D shows the medium from cells transfected with 10 ug of DEL85 

15 and pSVC was assayed. 

Figure 3 shows the defective interfering phenomenon 
of HBV-CID variants were observed in human hepatoma Huh7 and 
HepG2 (Figure 3D) cells. Figure 3A shows that seven ug of pWT 
was co-transfected with increasing amounts of pDEL.85, pDEL109, 
20 or pTGAGC, respectively. HBV core particle associated DNA was 
analyzed by Southern blot using 3.1 kb full-length HBV fragment. 
Replicative intermediates of relaxed-circular (RC) and single- 
stranded (SS) DNAs are indicated by arrows. Figure 3B shows 
that after the 3.1 kb full-length HBV probe was removed from the 
25 nitrocellulose filter, the same filter was reprobed with a radio- 
labelled wild-type specific DNA fragment. The wild-type specific 
DNA fragment is 135 nucleotides in length (from nucleotide 2141 
to 2275) and was amplified by PCR using pWT as a DNA template. 
The relative intensity of replicative intermediates was measured 
30 by densitometer image analysis. Figure 3C: after the wild-type 
specific probe was removed, the nitrocellulose filter of Figure 3B 
was reprobed with DEL85-specific and DEL109-specific 
fragments. The DEL85 specific DNA probe is 181 nucleotides 
(from nucleotide 2041 to nucleotide 2365 with a deletion of 144 
35 nucleotides) and synthesized by PCR using pDEL85 as a DNA 
template. The DEL109 specific probe is 208 nucleotides (from 
nucleotide 2041 to 2365 with a deletion of 123 nucleotides) and 
synthesized by PCR using pDEL109 as a DNA template. The non- 
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specific hybridization of background noise around SS DNA region 
was observed in lanes transfected with pWT alone or 
cotransfected with pTGAGC. Figure 3D shows that the HepG2 
human hepatoblastoma cell line was used in the same assay with a 
5 wild type-specific probe. Figures 3E and 3F shows that the 
defective interfering phenomenon was also observed when the 
secreted extracellular HBV particles were analyzed in the 
replication assay using a full-length 3.1 kb HBV probe (Figure 3E) 
and the wild type-specific probe (Figure 3F). Figure 3G shows a 
10 cartoon illustration of the wild type-specific and DEL- specific 
probes used above. 



abundance of wild type and CID mutants via PCR analysis using 
HBV core gene-specific primers (16). Top, An aliquot of the 

15 premixed donor plasmid DNAs (pWT and pDEL85) was amplified 
by PCR before transfection. The results for pWT and pDEL109 
(data not shown) are very similar to that of pWT and pDEL85. 
Bottom, seven \ig of pWT were cotransfected with increasing 
amounts of pDEL85 (right) or pDEL109 (left) into Huh7 cells, and 

20 core particle-associated DNAs were harvested 5 days after 
transfection. Identical PCR conditions were used for both 
amplifications of the plasmid and core particle-associated DNAs. 
The relative intensities of full-length and deleted core gene 
fragments were measured by densitometric scanning. 

25 Figure 5 shows that the defective interfering 

phenomenon conferred by CID variants is species specific and not 
mediated through soluble factors. Figure 5 A shows the 
conditioned media of Huh7 cells were collected 2 days after 
transfection with various combinations of plasmids pWT, PSVC, 

30 and pDEL85. Huh7 cells transfected with 7 |ig of pWT "were then 
incubated with 5 ml of each respective conditioned media and 5 
ml of fresh media. As a control, transfected culture incubated 
with 10 ml of fresh media were included in the last lane. Full- 
length 3.1 kb HBV DNA was used as a probe in replication assay. 

35 Figure 5B shows that seven micrograms of duck hepatitis B virus 
plasmid (pSP65DHBV5.1 ) was co-otransfected with increasing 
amount of pDEL85, pDEL109, or pTGAGC into Huh7 cells. 



Figure 4 shows the comparison of the relative 
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Replication assay was performed as described in Figure 1 above 
and probed with 3.1 kb full-length DHBV fragment. 

Figure 6 shows that the internally deleted core 
proteins can be detected in vitro but not m vivo. The flu-epitope 
5 peptide sequence (YPYDVPDYA) from the influenza hemagglutinin 
(Field et al., '88) was introduced into the carboxyl termini of the 
core proteins using an SV40 expression vector. The wild-type 
core protein from pWT, and the wild-type and deleted core-flu 
fusion proteins from pSVCflu, pSV85flu, and pSV109flu were 
10 measured by immunoblot assay using anti-core (Figure 6 A) or 
anti-hemagglutinin (Figure 6B) antibody. Figure 6C shows that 
the absence of the deleted core-flu fusion protein is not due to the 
instability of its mRNA. Twenty-five micrograms of cellular RNAs 
from cells transfected with either pSVCflu, pSV85flu, or 
15 pSV109flu were hybridized with wild-type-, DEL85-, and DEL109- 
specific RNA fragments respectively in the RNase protection assay. 
Figures 6D and 6E show that if the deleted core gene is indeed 
translatable, the wild-type and deleted core proteins were 
expressed in vitro from pSPC, pSP85, and pSP109 using rabbit 
20 reticulocyte lysate (Promega Co., WI). The in vitro synthesized 
proteins were analyzed on a 12% acrylamide gel either in the 
presense (Figure 6D, top) or absence (Figure 6E) of 2- 
mercaptoethanol. pSP109ATA is a similar plasmid to pSP109, 
except that the initiation codon ATG of the core gene has been 
25 changed to ATA. To control for the equal amount of RNAs used in 
the in vitro translation experiment described in Figure 3D, the in 
vitro synthesized RNA transcripts from these plasmids were 
quantitated by electrophoresis (Figure 6D, bottom). The p-actin 
transcript with a size of 360 nucleotide from pRTl was used as 
30 positive control and size marker. Figure 6F shows that no 
apparent interference effect on wild type HBV replication was 
observed by the deleted core protein from cotransfected pSV109 
or pSV109ATA. The replication assay was performed as described 
using the 3.1 kb full-length HBV probe. 
35 Figure 7 shows the cycling-like phenomenon of HBV 

defective interfering mutants in the serially collected serum 
samples (1989-1993) from an HBV-infected patient with 
hepatocellular carcinoma. Figure 7A shows that HBV DNA in the 
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sera were prepared (Wakita et al., '91) and PGR amplified as 
detailed (Hosono et al., '95). Amplified DNA fragments were 
separated by agarose gel electrophoresis and stained with 
ethidium bromide. ALT (alanine amino transferase) has been 
5 used as a clinical indicator of liver damage. The normal upper 
limit of ALT activity is approximately 40 IU/liter. Acute hepatitis 
patients often have several hundred IU per liter. Figure 7B 
shows the comparison of HBV core amino acid sequences among 
DEL85, wild type (consensus), and viruses serially collected from a 

10 chronic active hepatitis B patient (December 1989- December 
1993). The consensus sequences used here are the most prevalent 
HBcAg sequences in Asia (Ono et al M *83; Kobayashi & Koike, *84). 
PCR amplified DNA fragments were gel-purified, subcloned and 
sequenced as described (Hosono et aL, '95). The letter 'Z' 

15 represents a translational stop codon and the letter ,r X M represents 
deletion. The symbol M / M represents frame shift mutation. 
Subtype specific sequence heterogeneity was indicated by *. 
Hotspot mutational domains I and V coincides with MHC class II- 
restricted T cell epitopes (Hosono et aL, '95). Recent studies also 

20 indicated that domain IV contains an MHC class II- restricted T 
cell epitope (Jung et al., '95; Tsai et al., *96). The sequences of CID 
mutants are highlighted with yellow color. Frequent missense 
mutations at codons 13, 151, and 182 are present in helper virus 
and absent in defective interfering virus, and are highlighted with 

25 pink color. pol represents the overlapping polymerase gene. 
Figure 7C shows the case F090245 froml986 to 1991. Serum 
samples from 1987 and 1988 were not available. Figure 7D 
shows the case F090063 from 1986 to 1991. Each sample was 
PCR-amplified, then gel analyzed in duplicate. 

30 Figure 8 shows that the same CID deletion" as DEL85 

was also observed in a British patient and a patient from 
Hongkong. 

Figure 9 shows that stable Q7 rat hepatoma cell lines 
were transfected with plasmids pSVC and pSV2NeoDEL85 and 
3 5 were selected with G418 as described previously. HBV core 
particle-associated DNA was purified from 6 independent clones 
and characterized by gel electrophoresis and Southern blot 
analysis. Two neomycin-resistant clones, 1-12-2 and 1-15-1, 
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exhibited the pattern characteristic of HBV replication 
intermediates such as relaxed circular (RC) and single stranded 
forms of DNA. 

5 DETAILED DESCRIPTION OF THE INVENTION 

Pefinitions: 

The following terms are defined as used herein. Terms 
not defined should be interpreted as is usual and customary in the 
10 fields of molecular biology and virology. 

As used herein, the term "replicative defective" shall 
mean that a virus is unable to duplicate or multiply by itself. 

As used herein, the term "interfere" shall mean a 
decrease in the number of helper viruses. 
15 As used herein, the term "incomplete particle" shall 

refer to the virus variants that can interfere with the replication 

of other viruses. 

As used herein, the term "defective interfering" shall 
refer to the fact that viral particles are replication defective, 
20 rescuable by helper viruses, have an interference effect on wild 
type virus, and enrich the replication defective virus. 

As used herein, the term "immune escape mutation" 
shall mean a mutation which allows immune evasion from a host's 
immune surveilance. 
25 As used herein, the term "trans complementation" 

shall mean a genetic experiment designed to determine if two 
different genetic entities, e.g., two different viruses or plasmids, 
could cross support each other. 

As used herein, the term "cycling-like phenomenom" 
30 shall mean a dynamic equilibrium between the defective 
interfering particle and the helper viruses and describes the 
reciprocal relationship between the defective interfering and the 

helper viruses. 

As used herein, the term "core antigen internal 
35 deletion" or "CID" shall mean a deletional mutation within the 
central portion of the HBV core antigen, e.g., around amino acids 
80 to 130. 
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As used herein, the term "rescuability" shall mean the 
ability to survive when supplied with the normal functional core 
proteins. 

As used herein, the term "enrichment" shall mean to 
5 increase in proportion in a mixture of different viruses. 

As used herein, the term "hotspot" or a "hot spot 
mutation" shall mean a highly frequent mutation. 

As used herein, the term "immunologically anergic" 
shall mean unable to induce an immune response. 
10 As used herein, the term "immunogenic agent" refers 

to an agent used to stimulate the immune system of a living 
organism, so that one or more functions of the immune system 
increased and is directed towards the immunogenic agent. 
Immunogenic agents include vaccines. Immunogenic agents can 
15 be used in the production of antibodies, both isolated polyclonal 
and monoclonal antibodies using techniques well known to those 
of ordinary skill in this art. 

As used herein, the term "vaccine" is meant an agent 
used to stimulate the immune system of a living organism so that 
20 protection against future harm is provided. Immunization refers 
to the process of inducing a continuing high level of antibody 
against cellular immune response in which T-lymphocytes can 
either kill the pathogen and/or activate other cells, e.g., 
phagocytes to do so in an organism, which is directed against a 
25 pathogen or antigen to which the antigen has been previously 
exposed. 

As used herein, the term "individual" is meant any 
member of the subphylum Vertebrata. All vertebrates are 
basically capable of responding to vaccines and producing 
30 antibodies. Although vaccines are commonly given to mammals, 
e.g., humans and dogs, vaccines for commercially raised 
vertebrates of other classes may be within the scope of the 
present invention. 

35 Vaccination 

An "effective amount" of live-virus or subunit vaccine 
prepared as disclosed herein can be administered to a subject 
(human or animal) alone or in conjunction with an adjuvant (e.g. 

1 3 
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as described in U.S. Patent 5,223,254 or Stott et al., (1984) J. Hyg. 
Camb. 251-261) to induce an active immunization against a 
pathogenic infection. An effective amount is an amount sufficient 
to confer immunity against the pathogen and can be determined 
5 by one of skill in the art using no more than routine 
experimentation. Determination of an effective amount may take 
into account such factors as the weight and/or age of the subject 
and the selected route for administration. Vaccines can be 
administered by a variety of methods known in the art. 
10 Exemplary modes include oral (e.g. via aerosol), intradermal, 
intramuscular, intraperitoneal, intravenous, subcutaneous, 
parental, transdermal and intranasal routes. If necessitated by a 
particular mode, the vaccine may be encapsulated. 

Current commercial HBV vaccine consists of HBV- 
15 encoded envelope protein alone. It does not have other HBV- 
encoded protein antigens, such as polymerase, preSl, preS2 or 
core antigen (also known as nucleocapsid antigen). Pre-Sl antigen 
is present in HBV virion and effective in protection (Milich et 
al.,'85; Neurath et al., '85 & '88). In addition, the HBV-defective 
20 interfering vaccine should be virtually identical in every aspect to 
the fully infectious HBV in nature, except that HBV-defective 
interfering mutant is not viable and not infectious. Thus, the 
HBV-defective interfering vaccine of the present invention will 
produce a much stronger, more effective, and long-lasting 
25 protection against HBV infection than the current surface antigen 
subunit vaccine. The HBV-defective interfering vaccine failure 
rate would also be much lower. 

The HBV-defective interfering vaccine of the present 
invention may not be suitable for a small fraction of babies born 
30 to HBV carrier mothers, i.e., babies preinfected with HBV in 
utero or perinatally infected with HBV during delivery before 
vaccination. In both cases, the conventional subunit vaccine could 
not be effective either. The HBV-defective interfering vaccine of 
the present invention is most safe for babies born to healthy 
35 noncarrier mothers, who are the majority (>80 or 90%) of the 
pregnant population. One specific application of the HBV- 
defective interfering vaccine of the present invention is to use an 
active-passive immunization protocol (Beasley et al., *83). That is, 
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one would administer to the newborns both HBIG (hepatitis B 
immunoglobulin) and the HBV-defective interfering vaccine of the 
present invention, instead of conventional subunit vaccine, within 
the first two hours after delivery. 



established. A person having ordinary skill in this art would be 
able to use the defective interfering particles of the present 
invention in a vaccine and determine the appropriate dosages 



10 vaccination would be: 2-3 doses of alum-absorbed defective 
interfering particles 5 ^ig/ml are injected intramuscularly. The 
defective interfering virus can be prepared from a tissue culture 
medium of a stable hepatoma cell line producing and secreting 
defective interfering, e.g., HBV defective interfering particles. 

15 The procedure for preparing defective interfering 

viruses are detailed below as an example and the methodology is 
further described in Shih et al., '89; US Patent No. 5,156,970. 
These steps include (l)Introduce both defective interfering 
viruses, e.g., HBV-DEL85 and the complementing plasmid, e.g., 

20 pSVC which expresses the wild type HBV core antigen, into the 
same recipient cell (e.g., HepG2, Huh7 or Morris hepatoma 7777 
cell lines) via a gene transfer techniques, e.g., calcium phosphate 
transfection technique, lipofectin technique. Ideally, but not 
necessarily, one of these plasmids contains a drug resistance gene, 

25 e.g., neomycin resistance. (2) Select for the stably transfected 
colonies using a medium containing selective drugs, e.g., neomycin 
resistance. (3) Grow up these drug resistant cells and screen for 
the production of HBV surface antigen and core/e antigen in the 
medium via enzyme immunoassay, e.g., Abbott EIA kit. (4) Cell 

30 lines which can produce both surface and core/e antigen are 
screened for HBV DNA replication using Southern blot analysis and 
the full length HBV DNA probe. HBV DNA is isolated from the 
intracellular core particles (for further details, see Examples 3 and 
5 below). (5) Confirm the above Southern results using a 

35 defective interfering virus-specific probe, e.g., DEL85 mutant 
specific probe described in Example 14 and Figure 3C. (6) Screen 
for the cell lines that produce the most abundant quantity of 
defective interfering viruses as in steps 4 and 5 described above. 



5 



The art of vaccine production and delivery is well 



without undue experimentation. 



One possible regimen for 
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Test the genetic stability of the chosen cell lines by comparing the 
replication activities of cells in the presence or absence of the 
selective drug in the medium for a certain period (e.g., one 
month). Alternatively, genetically stable DI virus-producer cell 
5 lines can be further adapted or selected for growth in medilim of 
lower cost, such as lower concentration of fetal bovine serum, or 
calf serum instead of fetal calf serum. Selected clones can also be 
adapted to grow in suspension, instead of adhering to the surface 
of the culture container. Store such high-producer cell lines in 
10 Dulbecco Modified Eagle's Medium (DMEM) containing 10% fetal 
bovine serum (FBS). Long term storage of these cell lines can be 
made using DMEM containing 10% fetal bovine serum and 
cryopreseravatives, e.g., 10% glycerol or 10% DMSO, in liquid 
nitrogen. Reactivation of these cell lines can be done quickly b y 
15 thawing the frozen vials at 37°C in a water bath and gradually 
diluting the cell culture to a 10 fold final volume using DMEM with 
10% FBS. Once the most ideal cell clones have been selected (i.e., 
highest yield of DI virus production, genetically stable, grow well 
in inexpensive medium, adapted for scale-up production, and 
20 other desirable features), they can be expanded in cell number 
and aliquoted to a number of frozen vials (e.g., 100 vials). These 
are referred to as cells of early passages. Cells from the early 
passages can be again expanded and aliquoted into a large number 
of vials, referred to as cells of late passages. When cells of late 
25 passages are no longer available (e.g., due to the loss of rulture by 
microbial contamination or inadequate culture condition), cells 
from early passage will be used to create more frozen cells of late 
passage. This is the so-called seed-lot system commonly used for 
manufacturing biological products. The method for the scale up 
30 production of DI virus will be the same as the routine" scale up 
production of mammalian cells. (7) Defective interfering virus 
particles are collected from the medium (See Example 4). (8) The 
defective interfering virus pellets are resuspended in phosphate 
buffered saline (PBS). To clean up the virus preparation further, 
3 5 one can dialyze against PBS at 4°C overnight or repeat the 
centrifugation and resuspension steps. (9) The defective 
interfering virus preparation can be stored in 10% glycerol or 
DMSO in PBS at -70°C or a lower temperature. These virus 
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preparations, after reactivation at room temperature are used for 
vaccination or therapeutic purpose. (10) The virus preparations 
obtained can be characterized further, such as by morphological 
examination via electron microscope or density gradient analysis. 
5 Further modification of the virus preparation for practical 
applications, such as vaccination, therapy and storage can be 
made. For example, aluminum-absorbed virus preparation can be 
used. 

10 Therapy 

An "effective amount" of an antiviral defective 
interfering particle of the present invention as a drug specifically 
interfering with the replication or transcription of a non- 
segmented virus, can be administered to a subject (human or 

15 animal). An effective amount is an amount sufficient to alleviate 
or eliminate the symptoms associated with viral infection. The 
effective amount for a particular antiviral agent can be 
determined by one of skill in the art using no more than routine 
experimentation. Determination of an effective amount may take 

20 into account such factors as the weight and/or age of the subject 
and the selected route for administration. 

Antiviral agents can be administered by a variety of 
methods known in the art. Exemplary modes include oral (e.g. via 
aerosol), intradermal, intramuscular, intraperitoneal, intravenous, 

25 subcutaneous, parental, transdermal and intranasal routes. If 
necessitated by a particular mode, the gene therapy vector may 
be encapsulated. 

It is specifically contemplated that pharmaceutical 
compositions may be prepared using the novel HB V-defective 

30 interfering particles of the present invention. In such a case, the 
pharmaceutical composition comprises the novel HB V-defective 
interfering particles of the present invention and a 
pharmaceutical^ acceptable carrier. A person having ordinary 
skill in this art would readily be able to determine, without undue 

3 5 experimentation, the appropriate dosages and routes of 
administration of the novel HB V-defectivc interfering particles of 
the present invention. Application of HBV-defective interfering 
particles of the present invention could be used to treat acute 
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hepatitis patients (fulminant hepatitis). These patients have 
extremely high mortality rate (60-90%) within a very short period 
(a few days to 2 weeks). There is no effective treatment currently 
available for fulminant hepatitis. 
5 Treatment of patients with deadly fulminant hepatitis 

with the HBV-defective interfering particles of the present 
invention may convert some patients to chronic asymptomatic 
carriers or chronic active hepatitis. If a patient is converted to 
chronic asymptomatic carriers, no further treatment of these 
10 healthy carriers is necessary. If a patient is converted to chronic 
active hepatitis, intervention of chronic infection via further 
treatment, such as interferon-alpha, can be considered. In either 
case, the patient's life expectancy may be prolonged by decades. 

In the therapy of patients with deadly fulminant 
15 hepatitis with the HBV-defective interfering particles of the 
present invention, a person having ordinary skill in this art could 
determine the dosage needed with routine experimentation. Most 
likely, higher titer of defective interfering particles (such as 10 8 
or 10 9 particles in a few c.c. in one shot per patient) will be most 
20 effective. The defective interfering virus can be stored in 10% 
glycerol or DMSO in PBS at a very low temperature. Before 
injection, the frozen vials of defective interfering viruses can b e 
thawed at room temperature. Intravenous injection may be an 
optimal route of administration. 
25 Therapy using these HBV-defective interfering 

particles is not limited to fulminant hepatitis patients; this therapy 
is useful to treat chronic or acute hepatitis. As long as the titer of 
the wild type HBV is significantly reduced by the defective 
interfering viruses, the hosts' immune system will do the rest. 
30 The present invention discloses the presence of 

defective interfering viruses in humans, which will not be limited 
to HBV. Two indepentently derived HBV-CID mutants (pDEL85 
and pDEL 109) isolated from two different patients (T85 and 
T109) are the first proof of human defective interfering viruses in 
3 5 natural infections. Thus, the present invention is directed to HBV- 
defective interfering particles. In addition, HBV defective 
interfering mutants containing a genetic defect, e.g., a missense 
mutation or out of frame deletion, in any part of the HBV genome, 
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within or outside the nucleocapsid protein, is also within the scope 
of the present invention. 



naturally occurring CID mutants that are defective interfering-like 
5 particles. However, it is possible that defective interfering 
particles of HBV or other viruses can be created, e.g., by site- 
directed mutagenesis. Using such techniques, a person having 
ordinary skill in this art would be able to prepare or create other 
human defective interfering viruses or other human defective 
10 interfering-HBV viruses having different structural lesions. 



defective interfering-HBV has not been shown directly, a person 
having ordinary skill in this art would interpret the following data 
as evidence of their infectivity. First, the protein moiety of these 

15 HBV-defective interfering particles, including envelope, core, 
polymerase and X proteins, is bascialiy identical to wild type HBV. 
Further, the deleted core protein is extremely unstable in vivo. 
Therefore, the nucleocapsid of the defective interfering-HBV is 
probably made up exclusively from wild type core protein. 

20 Second, when the secreted defective interfering-HBV particles 
were banded on gradient centrifugation, their sedimentation 
profile was indistinguishable from that of wild type HBV. Wild 
type HBV produced in tissue culture in this way was infectious 
(e.g., Shih et al., '89). 

25 In one specific embodiment of the present invention, a 

novel stable cell line is provided. HBV-defective interfering 
particles can be rescued by supplying the wild type core protein 
in a co-transfection assay (Figure 2). Thus, one can establish a 
stable cell line by introducing both an HBV-defective interfering 

30 plasmid and an expression vector of wild type core protein into 
the same replication permissive cells, such as the rodent Morris 
hepatoma cell line (Shih et al., '89) or human hepatoma cell line 
HepG2 as is well known to those having ordinary skill in this art. 



35 hepatocytes; HBV is hepatotropic. However, one may engineer a 
heterologous promoter/enhancer element for HBV expression and 
replication in a non-hepatocyte system. For example, one may use 



The present invention demonstrates the existence of 



Although the infectivity of DEL85 and DEL109 



Replication permissive cell lines are not limited to 
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non-hepatocyte systems, such as fibroblast, lymphocyte, Hela, and 
transgenic animals/plants. 

The HBV-defective interfering viruses are not limited 
to pDEL85 or pDEL109 (Figure 1) in this patent application. Other 
5 HBV-defective interfering viruses, such as, but not limited to, 
those with a different length of deletion or degree of defective 
interfering effect, an out-of-frame deletion, within or outside core 
antigen, can also be prepared by those having ordinary skill in 
this art. 

10 The SV40 expression vector of wild type HBV core 

antigen has been constructed (Figure 2). Different expression 
vectors, such as those with inducible promoters or more potent 
promoters, can also be used, as would be well known by those 
having ordinary skill in this art. 

15 The rescued defective interfering particles can be 

enveloped and secreted into the tissue culture medium (Figure 2). 
The medium can be harvested by methods, such as centrifugation, 
filtration, PEG precipitation, or passing through columns of anti- 
surface antibodies; whichever is the most cost-effective. 

20 For the purification of DI viruses, various techniques 

may be used. For example, DI viruses from conditioned medium 
(e.g., 24-48 hour incubation) can be harvested in a number of 
ways. Existing protocols for the purification of the 22 nm HBsAg 
particles can be modified or adopted to purify the DI virus 

25 particles. For example, the following steps in different 
combination and orders can be used. The efficiency of each step 
involved in the purification scheme is monitored by examining the 
deleted core gene DNA fragment via PCR amplification (Example 
1). One important caveat is to purify the DI virus preparation 

30 without losing the biological activity and infectivity of DI viruses. 
Therefore, existing protocols for the biochemical purification of 
HBV surface antigen molecules (a non-life form) is not necessarily 
the best or even applicable for the biological purification of DI 
viruses (a life form, especially if it is to be used for treatment of 

35 fulminant hepatitis patients). 

Centrifugation methodology is described in Example 4. 
For adsorption onto colloidal silica such as aerosil (which is 
optional), it is unclear if the DI virus can adsorp to aerosil. If they 
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do, after adsorption and washing, DI virus can be eluted from the 
silica by warm borate buffer. This step is optional since 
centrifugation steps described above might he sufficient to reduce 
the process volume, enrich DI virus particles and remove debris 
and serum proteins. 

Size exclusion, ion exchange, or hydrophobicity (e.g., 
butyl agarose or sepharose) chromatography methods can be used 
if they are more cost-effective , simpler or easier than 
centrifugation. PEG-precipitation, i.e., the precipitation of viruses 
using PEG6000 at 4°C for a period of hours may also be used. 

Immunoaffinity chromatography, e.g., using a two 
column system may also be used. The first column consists of 
anti-HBV envelope antibody attached to Sepharose and eluted 
with 3M NASCN. The second column contains sheep or rabbit anti- 
bovine serum antibodies designed to remove any residual 
contamination of bovine serum proteins with the virus 
preparation. Pepsin treatment at pH2 can be used to remove and 
degrade contaminants from bovine serum, although dialysis of the 
DI virus preparation against PBS at 4°C overnight will be 
sufficient, 

Formulation of the DI virus into a vaccine o r 
therapeutic agent can be accomplished by kepping the DI virus 
prepagation in sterile PBS. Sterilization can be done by filtration 
throuhgh a 0.22 \im membrane. Long term storage could include 
the use of 10% glycerol or DMSO in PES in liquid nitrogen. Short 
term storage could be in 4°C or -20°C. It is also possible that 
glycerol and DMSO are not necessary. Frozen vials of DI viruses 
should be administerd as soon as they are thawed at room 
temperature or 37°C. For large scale purpose, tissue culture 
systems, such as microcarriers, can be tested. Long term storage 
of defective interfering viruses can be attempted using 10% 
glycerol or DMSO in the presence of serum and medium (e.g., 
DMEM) at -70°C or in liquid nitrogen. 

In general, defective interfering- viruses cannot be 
separated from the helper viruses. The prior art of isolation of 
defective interfering variants of rhabdoviruses from the infectious 
helper viruses utilized rate zonal sucrose centrifugation (Huang et 
al., *66). The present invention discloses a novel approach to make 
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defective interfering virus preparations which does not require 
the use of a laborious separation step via centrifugation from 
helper viruses. Most importantly. separation of defective 
interfering from infectious helper viruses always has a risk of 
5 contamination of defective interfering preparation by trace 
amounts of infectious helper viruses. This approach is much safer 
than prior art since only the replication defective defective 
interfering will be rescued and secreted, and there is no chance of 
contamination of defective interfering preparation by infectious 

10 helper viruses. 

The following examples are given for the purpose of 
illustrating various embodiments of the invention and are not 
meant to limit the present invention in any fashion. 



15 EXAMPLE 1 

Preparation of PNA from l iver tissues and amplification by PCR 
apd detection of the core deleted variant bv Southern blQt _ 

For construction of plasmids, pSV2ANeo-HBV dimer 
20 containing two head-to-tail copies of HBV genome was used as a 
wild type HBV expression vector. The fragments from nucleotide 
1636 to nucleotide 2688 of pdel85 and pdell09 were amplified 
from tumor samples, T85 and T109, by PCR with two 
oligonucleotides. One 30-mer (5*- 

25 AAnnnCA AATATTT GGTAAGGTTAGGATAG-3') contains HBV 
minus-strand DNA aequence from nucleotide 2659 to nucleotide 
2688 with a intrinsic Sspl cleavage site (underlined). The other 
primer is a 27-mer ( 5 ' - A G A AAT^XTGCCC AAGGTCTT ACAT AA-3') 
containing HBV plus-strand DNA sequence from nucleotide 1636 
30 to nucleotide 1659 with a created Sspl cleavage site (underlined). 
One microgram of tumor DNA and 100 ng of each primer were 
used in a 10-jil PCR reaction consisting of a denaturing cycle at 
94°C (20 sec) followed by a 40-cycle amplification at 94°C (1 sec), 
47°C(1 sec), and 72°C (40 sec). The amplified target sequence (0.9 
35 kb) was subcloned into the pGEM-T vector (purchased from 
Promega) and secreened for clones containing HBV deleted core 
sequence by DNA sequencing. The characterized fragment which 
contains HBV deleted core sequence was purified by digestion 
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with Sspl and subsequently swapped for the counterpart of wild 
type HBV genome carried on a pucl2-HBV monomer (HW-1). The 
dimerization of the core deleted HBV genome was achieved by 
ligating the EcoRl site spanning fragment (3 kb) of the pucl2-HBV 
5 deletion monomer back to the downstream EcoRl site of the same 
plasmid. The resulting dimer constructs, pdel85 and pdell09, 
were then characterized by restriction enzyme digestion and DNA 
sequencing was performed for the entire core regions (data not 
shown). 

10 To construct pSVC, the PCR amplified core fragment 

from nucleotide 1877 to nucleotide 2463 was digested with 
restriction enzymes HindUl and Sad and subcloned into the 
Hindlll and Sacl sites of the parental plasmid pGCE under the 
control of the SV40 enhancer and early promoter (Pei M 1991). 

15 Two oligonucleotides were used for PCR reaction. One 30-mer 

f 5 ' - A G A AAGCTT ACKTGTGCCT contains HBV plus- 

strand DNA sequence from nucleotide 1877 to nucleotide 1897 
with a H in dill cleavage site (underlined). The other primer is also 



20 containing A Sacl cleavage site (underlined). One nanogram of 
pSV2ANeo-HBV monomer and 100 ng of each primer were used in 
a 10 \il PCR reaction consisting of a denaturing cycle at 94°C (20 
sec) followed by 40-cycle amplification at 94°C (1 second), 53°C (1 
second), and 72°C (40 second). 

25 To construct pi 903, site-direct mutagenesis was 

performed using plasmid RG6 containing a full-length HBV 
monomer DNA (Roychoudhury, 1990) and a oligonucleotide (5 1 -- 
3') which eliminated the ATG translational start codon of the core 
region. The procedure for site-direct mutagenesis was adapted 

30 from that of Kunkel (Kunkel, 1985) and the dimerization of the 
HBV genome was described elsewhere (Roychoudhury, 1990). 



35 Cell culture and tra nsfection 

The human hepatoma cell line Huh7 was maintained in 
Dulbecco's modified Eagle's medium (DMEM) with 10% fetal bovine 
serum at 37°C in the presence of 5.5% CO2. The calcium 
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phosphate transfection procedure was detailed elsewhere (Shih, 

1989). Briefly, 10 6 cells per 10-cm dish were transfected with 
certain amount of assayed DNA plus human genomic DNA to a 

total amount of 35 ug. Donor DNA was removed at about 6 hours 

post-transfection, and cells were fed with fresh DMEM containing 
10% fetal bovine serum. 

F,X AMPLE 3 

preparation of intr acellular core Particles 

The procedure used to prepare intracellular core 
particles was described in detail (Roychoudhury, 1991). At 5 days 
post-transfection, cells from one 10-cm dish (6xl0 6 cells) were 
lysed at 37°C (15 minutes) in 1 ml of buffer containing 10 mM 
Tris hydrochloride (pH 7.5), 1 mM EDTA, 50 mM NaCl, 0.25% 
Nonidet P-40, and 8% sucrose. The lysate was then spun in a 
microcentrifuge for 2 minutes, and the supernatant was 
transfered to another tube. The supernatant was brought to 8 mM 
CaCl 2 and 6 mM MgCl 2 , followed by digestion with 30 U of 

micrococci nuclease and 1 U of DNase I at 37°C (15 minutes). The 
crude core particles were then precipitated by adding 330 ul of 
26% polyethylene glycol (molecular weight 8000) in 1.5 M NaCl 
and 60 mM EDTA. After incubation for 1 hour at 4°C, the crude 
core particle preparations were pelleted by spinning in 
microcentrifuge for 4 minutes. 

EXAMPLE 4 

r^lertj nn nf extra cellular core particles 

Extracellular core particles were collected 5 days post- 

3 transfection from a 10-cm dish of 48-hour conditioned media (10 
ml). The medium was precleared by spinning at 3,200 rpm for 1 5 
min. in a IECCentra-8 centrifuge. Particles from the clarified 
medium were pelleted through a 16-ml cushion of 20% sucrose by 
spinning at 25,000 rpm for 16 hours at 4°C in a Beckman SW28 

5 rotor. 

FX AMPLE 5 
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Preparation of core associated DNA 

The core pellet was resuspended in 100 p.1 of buffer 
containing 10 raM Tris (pH 7.5), 8 mM CaCl 2 , and 6 rnM MgCl 2 . 

The suspension was then treated with 30 U of micrococcal 
5 nuclease and 1 U of DNase I for 15 minutes at 37°C. Core particles 
were lysed by the addition of 300 n.1 of lysis buffer containing 2 5 
mM Tris (pH 7.5), 10 mM EDTA, and 1% SDS in the presence of 
protinase K at a final concentration of 400 ^ig/ml. After incubation 
at 50°C for 1 hour, DNA was phenol and chloroform extracted and 
10 ethanol precipitated. 

E X AMPLE 6 

Preparation of core associated RNA and total RNA 
15 Briefly, the core pellet was first dissolved in 100 \i\ of 

denaturation solution (4 M guanidine thiocyanate, 25 mM sodium 
citrate, 0.5% Sarkosyl, 0.1 M 2-mercaptoethanol). Following 
dissolution, 10 |il of 2 M sodium acetate (pH 4.0) and 100 fxl of 
water-saturated phenol were added with mixing of the solution by 
20 inversion. Finally, 20 \il of a chloroform-isoamyl alcohol mixture 
(49:1) was added and vortexed for 30 sec. The whole mixture was 
kept on ice for 15 minutes and then centrifuged for 15 minutes at 
4°C. The resulting aqueous phase was transfered to another tube, 
and RNA was precipitated by the addition of an equal volume of 
25 isopropanol. For isolation of total RNA, cells from a 6-cm dish 
were lysed in 350 jil of denaturation solution 2 days post- 
transfection, and the volume of the rest of the solutions were 
adjusted accordingly. 

30 EXAMPLE 7 

Primer extension analysis 

A 5'-end-labeled 22-nucleotide synthetic 

oligonucleotide (nucleotide 1980 to nucleotide 2001) was used as 
35 a primer. Approximately 10^ cpm (0.1 pmol) was lyophilized 
with half of core-associated RNA isolated from one 10-cm dish. 
The dried pellet was dissolved in 30 \i\ of hybridization buffer 
containing 40 mM PIPES [piperazine-Af, W-bis(2-ethanesulfonic 
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acid)} (pH 6.4), 400 mM NaCl, 1 mM EDTA, 80% formamide. The 
hybridization mixture were heated up to 85° for 10 minutes and 
quickly transfered to a water bath at 30° for 2 hours. After 
annealing, 170 ul of water and 400 ul of ethanol were added for 
5 precipitation. The washed and dried pellet was then dissolved in 
20 ul of reverse transcription buffer (50 mM Tris hydrochloride 
[pH 8.5], 8 mM MgCl 2 , 30 mM KCl 1 mM dithiothreithol, 1 mM of 
four deoxynucleotide triphosphates, 50 ug of actionmycin D per 
ml, 10 U of human placental RNase inhibitor) and incubated with 

10 25 U of reverse transcriptase from avian myeloblastosis viruses 
(Boehringer Mannheim GmbH) at 45° for 90 minutes. The 
reaction was terminated by the addition of 1 ug of 0.5 M EDTA. 
and the RNA was digested with 1 ug of pancreatic RNase A at 37°C 
for 30 minutes. A 100 ul volume of 2.5 mM ammonium acetate 

15 was then added, followed by phenal/chloroform extraction and 
ethanol precipitation. The washed and dried pellet was dissolved 
in 3 ul TE (10 mM Tris hydrochloride [pH 7.5], 1 mM EDTA), and 4 
ul of loading buffer (80% formamide, 1 mM EDTA, 0.1% 
bromophenol blue, 0.1% xylene cyanol) was added. A 3-ul portion 

20 of each sample was analysed on a 6% polyacrylamide sequencing 
gel. 

FX AMPLE 8 

25 In vitro translation. CAT assay and Southern (DNA) and Northern 

( R . NA'l analyses 

Southern and Northern blot analyses followed 

standard procedure (Maniatis, 1989). Filters were probed with a 

vector-free 32 P-labeled full-length HBV DNA fragment (3-1 kb). 



30 



EXAMPLE 9 



Wfft ern (proteinl blot an alysis and antibodies 

Immunoblot procedure was adapted from Harlow and 
35 Lane (1988). Cells from one 6-cm dish were lysed at 3 days 
posttransfection with 150 ul 2x loading buffer (0.5 M Tris 
hydrochloride [pH 6.8], 2% SDS, 5% p-mercaptoethanol, 20% 
glycerol, and 0.0025% bromophenol blue), and one 25-ul aliquot 
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was subjected to SDS-PAGE electrophoresis before transfering to 
nitrocellulose (Schleicher and Schuell). The blotted filter was 
blocked with 2% nonfat milk in PBS for 30 minutes at room 
temperature. The blocked filter was incubated with primary 
5 antibody overnight at 4°C, and then washed 3 times with 5 
minutes interval with PBS containing 0.05% Tween 8 0 
(TW80/PBS). Rabbit anticore antiserum was developed by Dr. 
Lanford (Lanford, 1987) and mouse antiPS-1 antiserum was 
developed by Dr. Gerlish. After TW80/PBS wash, the blot was 

10 rinsed with cold PBS and then incubated with 0.25% 
glutaradehyde in PBS for 15 minutes at 4°C. After briefly rinsed 
with cold PBS, the blot was reblocked with the buffer containing 
0.2% BSA and 0.1 M glycine in PBS (pH 8.5) for 20 minutes at 
room temperature. Either goat anti-rabbit or goat anti-mouse 

15 antiboy conjugated with horseradish peroxidase (BIO-RAD) was 
applied to the blot and incubated for 2 hours at room 
temperature. The filter was washed 3 times with TW80/PBS and 
then developed using ECL kit as recommended by the 
manufacturer (Amersham). 



20 



EXAMPLE 10 



Sedimentation and fractionation of virus particles: Surface and e 
Ag assays 

25 Abbott HBe (rDNA) EIA and Auszyme Monoclonal kits 

were used for the immunoassay of e and surface antigens 
according to the manufacturer's procedure (Abbott Laboratory). 



EXAMP LE U 

30 

Construction of HBV-CID plasmids 

In studies (Hosono et al., '95), HBV-CID mutants were 
identified in Taiwanese HCC patients T61 and T109. The internal 
deletion of core antigen of T61 and T109 ranges from around 
3 5 codons 80 to 120. The present invention identified a third OD 
mutant from patient T85, which contains an even larger deletion 
(codons 89-136) by extending into the adjacent hotspot 
mutational domain V. 
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The deletion-containing HBcAg fragments of T85 and 
T109 were PCR-amplified and substituted with the normal 
counterpart of a wild type HBV plasmid (Shih et al., *89). To 
mimic the circular configuration of HBV genome, the monomeric 
5 recombinant chimera between CID and wild type were dimerized 
in tandem. The tandem homodimer plamids are abbreviated as 
pDEL85 and pDEL109, respectively. DEL85 deleted HBcAg amino 
acids 88 to 135 while DEL109 lost amino acids 82 to 122 (Figure 
1A). The construction of these plasmids has been confirmed by 
10 DNA sequencing across the recombinant junctions. 

EXAMPLE 12 

Replication and Packaging Defects of HBV-CID Mutants 
15 To see if the CID mutants are viable by itself, either 

DEL85 or DEL109 alone were transfected into a human hepatoma 
cell line Huh7. As shown in Figure IB, both mutants are 
replication defective by Southern blot analysis. The deficiency in 
DNA synthesis is due to their defect in RNA encapsidation as 
20 indicated by primer extension analysis using encapsidated 
pregenomic RNA (Figure 1C). Productive pregenomic RNA 
encapsidation requires at least three different viral components; 
nucleocapsid protein, polymerase and the 3.5 kb pre- genomic 
RNA. 

25 To identify the defect of CID mutants in encapsidation, 

the steady state level of the pregenomic RNA was first examined 
by Northern blot analysis (Figure ID). No significant difference 
between wild type and CID mutants was detected. The deletion 
endpoints of DEL109 is 15 amino acids upstream from the 

30 translational initiation codon (AUG) of polymerase (Hosono et al., 
*95) while the deletion endpoint of DEL85 is exactly next to the 
AUG initiation codon of polymerase (nucleotide sequence data not 
shown; see Figure 7B for amino acid sequence). Therefore, the 
open reading frames of polymerase in both CID mutants are not 

35 directly affected by the core internal deletions. 

To measure the low level expression of polymerase, a 
fusion construct was engineered between polymerase and the 
reporter gene of chloramphenicol acetyltransferase (CAT). Again, 
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no appreciable difference of CAT activities between CID mutants 
and wild type was detected (Figure IE). Finally, the production of 
nucleocapsid proteins from either wild type or CID mutants was 
examined. The defect in RNA encapsidation of CID mutants is 
5 correlated with the absence of a 22kD or lower molecular weight 
HBcAg protein by immunoblot analysis (Figure IF). 

E XAMPL E 31 3 

10 CID mutants are Rescuable by Wild Type Core Protein 

The fact that these replication-defective CID mutants 
can be detected in patients by PCR suggested that they might be 
able to survive in the presence of other HBVs. CID mutants were 
cotransfected with a wild type HBcAg expression vector. Both CID 

15 mutants can be rescued to at least 80% level of wild type 
replication activity (Figure 2A). These rescued CID mutants can 
also be secreted into the medium (Figure 2B). The sedimentation 
profile of these rescued and secreted CID viral particles on 
gradient centrifugation by Southern blot analysis was almost 

20 indistinguishable from wild type in the Dane particle fractions 
(Figures 4C and D). The presence of the core gene deletion in the 
rescued and secreted Dane particle fractions was confirmed by 
PCR amplification (data not shown). 

25 EXAMPLE 14 

Interference and Enrichment 

As shown in Figure 3A, when increasing amounts of 
CID mutants were cotransfected with wild type HBV, the 

3 0 replication activity of HBV remains more or less constant b y 
Southern blot analysis using the full-length HBV DNA probe. 
However, the relaxed circle form of HBV replicative intermediate 
purified from cotransfected culture reproducibly migrates slightly 
faster than that from cultures transfected with wild type DNA 

35 alone. 

The same filter of Figure 3A was washed and reprobed 
with a wild type-specific DNA fragment from within the internally 
deleted region of HBcAg gene (Figure 3B). This probe should not 
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hybridize with the CID mutant DNAs. In contrast to the results in 
Figure 3A, in the presence of equal amount of CID mutant DNAs, 
wild type specific DNA replication was reduced by approximately 
7 fold in the case of DEL85 and approximately 3 fold by DELI 09. 
5 As a control for nonspecific effects, such as squelching of limiting 
amount of cellular transcription factors, a packaging and 
replication defective HBV mutant TGAGC was included for 
comparison (Yuan et al.. '95). No apparent reduction of wild type 
replication was observed by cotransfection with mutant TGAGC 
10 (Figure 3B). To directly demonstrate that the signals of HBV 
replication in cotransfection experiment in Figure 3A was largely 
due to the replication of CID mutants, the same filter was probed 
with mixtured probes specific for DEL85 and DELI 09. Consistent 
results were obtained (Figure 3C). Taken together, Figures 3A-C 
15 indicated that while the CID mutant is increased in proportion, 
wild type replication is greatly reduced. 

To show that the defective interfering-like behavior of 
HBV-CID mutants was not idiosyncratic to Huh7 cell line, the same 
experiment were repeated using another replication-permissive 
20 human hepatoblastoma cell line HepG2. Similar results were 
obtained in HepG2 system although the defective interfering effect 
appears to be even stronger in HepG2 than Huh7, as indicated by a 
10 to 16 fold reduction in wild type replication (Figure 3D). This 
defective interfering phenomenon, including interference of wild 
25 type and enrichment of CID mutants was also evident when 
extracellular HBV particles was examined using the full-length 
HBV probe (Figure 3E) or wild type-specific probe (Figure 3F). In 
general, the defective interfering effect of DEL85 was more potent 
than that of DELI 09 (Figure 3B and 3D). Figure 3G shows a 
30 cartoon illustration of the wild type-specific and DEL- specific 
probes used. 

FYAMPLE 15 

35 PCR analysis before and after transfection 

To confirm the results obtained by Southern blot 
analysis, a PCR assay was used to measure directly the relative 
population of wild type helper virus and CID variants in the 
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cotransfection experiment. When a mixture of the donor DNAs 
(pWT and pDEL85) in the 2:1 dose ratio was used in the PCR assay, 
the wild type-specific DNA fragments exhibited similar intensity 
to that of the DEL85 deleted fragment after amplification (Fig. 4, 
5 top). This is probably because the shorter (deleted) DNA 
fragments tend to be amplified favorably during PCR, However, 
the relative intensity between amplified wild type and mutant 
DEL85 DNA fragments shifted from 1:1 {before cotransfection) to 
1:5 (after cotransfection), suggesting the preferential de novo 
10 replication of CID variants over wild type HBV in vivo (Fig. 4, 
bottom). 



one would conclude that the interference on wild type is probably 
not caused by a nonspecific effect, such as different degree of 
resistance to cytotoxicity or defective interfering-induced 

20 interferon-like soluble factors to which wild type is perhaps more 
sensitive. Consistent with this, Figure 5 A showed that the 
conditioned media of CID mutant-transfected culture did not 
confer any apparent interference effect when applied to the wild 
type HBV transfected culture. Furthermore, when duck hepatitis 

25 B virus DNA was cotransfected with human CID mutants, no 
apparent decrease of duck hepatitis virus DNA replication was 
observed (Figure 5B). The DNA probe of duck hepatitis virus does 
not cross react with human HBV even at highly relaxed stringency 
(data not shown). Therefore, the interference phenomenon of 

30 HBV-CID appears to be homotypic and species-specific. In 
summary, as characterized above, the properties of CID mutants 
seem to fit well with the conventional definition of defective 
interfering particles: deleted genome, replication defective, 
rescuability by helper viruses, and enrichment of themselves at 

35 the expense of helper viruses (Huang & Baltimore, '70). 



EX AMPLE |6 



15 



Specific vs. Nonspecific Interference 

Based on the enrichment phenomenon of CID mutants, 
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Hiphlv Unstable C TD-HBcAg and e Antigen 

One mechanism for the interference phenomenon of 
HBV CID mutants is the dominant negative effect on the wild type 
HBV mediated through the deleted core protein. The existence of 
5 the internally deleted core antigen was determined by 
immunoblot analysis using a polyclonal anti-HBcAg antibody. 
Despite the use of different anti-HBcAg antibodies, no core protein 
was detected from the CID mutant (Figure IF). This negative 
result could be due to a number of possibilities, such as loss of a 
1 0 dominant antibody recognition site and/or instability of the 
produced mutant core protein. 

To differentiate among these possibilities both the 
deleted and wild type core proteins, were tagged with a flu 
epitope. As shown in Figure 6, wild type core-flu fusion protein 
15 can be detected by either anti-core (Figure 6A) or anti-flu 
antibodies (Figure 6B). In contrast, CID core-flu fusion proteins 
cannot be detected by either antibodies, despite the stable 
expression of CID mutant core-flu mRNAs from plasmids pSV85flu 
and pSV109flu (Figure 6C). Therefore, the loss of a dominant 
20 anti-core antibody recognition site alone is a less likely 
explanation for the absence of CID-specific core protein. 

However, using an in vitro transcription and 
translation assay, CID mutant core protein with a reduced 
molecular weight can be expressed in vitro, albeit with a lower 
25 intensity relative to the wild type core protein. Furthermore, 
when the ATG initiation codon of the CID core protein is ablated 
by changing into ATA, no translated protein was observed (Figure 
6D). When the wild type and deleted core proteins were analyzed 
under non-denaturing condition, CID core proteins appeared to 
30 homopolymerize more readily than wild type core protein (Figure 
6E). Taken together, these results are consistent with the 
interpretation that the CID core protein is highly unstable in 
vivo and in vitro. 

The core antigen is structurally related to HBV e 
35 antigen. Because core and e antigens share the same open reading 
frame, the CID deletion not only creates an unstable core protein, 
but also an unstable e antigen. No production of e antigen from 
CID variants were detected using Abbott EIA kit. Therefore, CID 
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mutant DEL85 and DEL109 exhibited an e antigen negative 
phenotype (data not shown). Absence of e antigen has been 
proposed to be associated with fulminant hepatitis (Shafritz et al., 
*91). The biological function of e antigen is not fully understood; 
5 nontheless, it may be involved in HBV pathogenesis (Milich et al 
'90; Carman et al., '89). 



been artificially created by fusing the core and surface genes 
(Scaglioni et al., '94), or by deleting part of the DHBV core antigen 
(Horwich et al., '90). One essential feature of the defective 

15 interfering viruses is their enrichment behavior. Although the 
dominant negative mutants can interfere with the replication of 
wild type, they are not able to enrich themselves at the expense of 
the wild type. Therefore, it is unlikely that the defective 
interfering phenomenon is mediated through a dominant negative 

20 effect. 



phenomenon could be (solely) caused by the deleted core protein 
via a dominant negative effect, wild type HBV was cotransfected 
with an expression vector of CID mutant core protein (pSV109). 

25 As a control, a derivative of pSV109 with an ablated initiation 
codon changing from ATG to ATA were also cotransfected in 
parallel wild type and pSV109ATA. No apparent reduction in wild 
type HBV replication was observed when pSV109 was used 
(Figure 6F). This result is consistent with the aforementioned high 

30 instability of CID mutant core protein in vivo. In summary, the 
interference phenomenon of CID mutant does not appear to be 
caused by any dominant negative effect through the deleted core 
protein. 



Cyclic Interactions in vivo between Helper Virus an d defective 
interfering Particles 



EXAMPLE 18 



10 No Dominant Negative Effect of CID-Core Antigen 

Dominant negative mutants of hepadnaviruses have 



To demonstrate whether the defective interfering 



35 



EXAMPLE 19 
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Although the DEL85 and DELI 09 constructs are faithful 
facsimiles of the original CID variants isolated from human 
patients in nature, these studies were based on tissue culture cell 
lines. To see if there is any dynamic equilibrium between the 
5 defective interfering and helper HBV in nature, HBV populations 
were examined in serially collected serum samples of a chronic 
active hepatitis patient. This patient (KP) died of HBV-related 
liver cancer and was followed up longitudinally from 1989 to 
1993 at Fox Chase Cancer Center. Except for the samples collected 

10 in February 1992 and June 1993, HBV DNA can be detected in the 
sera of this patient via PCR (Figure 7A). The relative abundance of 
helper and defective interfering viruses appears to be variable at 
different times. For example, only wild type, but not defective 
interfering viruses, were detectable in February 1990 and 

15 December 1993. However, both wild type and defective 
interfering mutations were detected in December 1989 and 

February, 1991. 

To confirm the PCR data, DNA sequencing of 2-4 
independent HBV clones from serum samples collected at different 

20 time points was performed. Two different CID mutants in Figure 
7B (clone 3 from December 1989 and clone 4 from February 
1991) bears identical deletion endpoints to those of mutant DEL85. 
An out-of-frame internal deletion of core protein was also 
identified from clone 4 of December 1989. There is no correlation 

25 between the populations of either defective interfering or helper 
viruses and the clinical marker of liver injury (ALT) (Figure 7A). 
Unlike the helper viruses, CID mutants, including DEL85, clone 3 of 
Dec/89, and clone 4 of Dec/93, did not accumulate any putative 
immune escape mutations at codon 13 within the hotspot 

30 mutational domain I. Nor did they accumulate any hotspot 
mutation at codon 151 of domain VI and codon 182 of domain VII 
(Figure 7B; Hosono et al., "95). The wax and wane of defective 
interfering HBV from time to time was reminicent of the reported 
cycling phenomenon between defective interfering and helper 

35 viruses in other viral systems using tissue culture and animal 
models. 

Despite the ubiquity and prevalence of HBV CID 
mutants in various hepatitis B carriers, the biological significance 
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of CID mutants remain unclear. Two different CID mutants (DEL85 
and DELI 09) isolated from two different patients using two 
different hepatoma cell lines (Huh7 and HepG2) were 
characterized. CID mutants behave like defective interfering 
5 particles: deleted genome, replication defective, rescuable b y 
standard helper virus, interfering with standard virus and 
enrichment of defective interfering particles. The interference 
effect is 3-16 fold in a single cycle, depending on the specific 
defective interfering virus per se, the host cell lines, and the 

10 relative dose of defective interfering and helper viruses. This 
effect could in theory become dramatized exponentially after a 
few serial cycles of infection. 

As a DNA virus, hepadnaviruses can replicate through 
a pregenomic RNA intermediate (Summers & Mason, *82). Thus, 

15 hepadnaviruses have a unique phylogenetic status between DNA 
and RNA viruses. Although defective interfering viruses have 
been found in tissue culture or animal model of DNA and RNA 
viruses, the prevalent CID mutants of HBV characterized here are 
the first example of defective interfering-like particles in this 

20 hepadnaviridae family. To date, there have been no reports of 
defective interfering particles found in human infections in nature 
(Holland '87 and '91). 

The conventional approach of defective interfering 
particles relies on the plaque assay via infection in tissue culture 

25 or passage in animal models. Although in vitro infection assay of 
HBV has been reported, it is still not generally adopted by most 
HBV research laboratories. The present invention demonstrates a 
new approach to defective interfering studies without relying on 
the conventional infection and plaque assays. 



30 



EXAMPLE 20 



Mechanism of Occurrence of Core Internal Deletion 

The occurrence of CID mutants is not due to the 
35 reverse transcription of spliced HBV-specific RNA (Terre '91). 
First, none of the deletional endpoints have the consensus 
sequences required for RNA splice donor and acceptor sites (i.e., 
GT and AG rule). Second, the deletion end points are variable in 
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positions (Okamoto et al., 87; Wakita et al., '91; Ackrill et al., "93). 
Third, the deletion endpoints do not coincide with any of the 
reported splice junctions in HBV literature (Chen et al., "89). There 
is a 2-3 nucleotide junctional homology at both ends of internal 
5 deletion of several CID variants. This result is more in line with a 
mechanism of intramolecular illegitimate recombination (Shih et 
al., '87). 

EXAMPLE 21 

10 

Mechanism^ of Enrichm ent and Interference 

One mechanism of the defective interfering 
phenomenon is the induced production of interferon by defective 
interfering particles, as was reported in influenza viruses. As 
15 demonstrated herein, the defective interfering phenomenon in 
HBV is not due to nonspecific cytotoxicity, nor is it due to 
production of interferon or other unknown soluble factors (Figure 
5A and 5B). 

It remains unclear if the mechanisms of HBV-defective 
20 interfering enrichment and interference are related or 
independent. If they are independent, they may be caused by 
two or more separate mutations or by a single pleiotropic 
mutation. In the constructions of plasmids pDEL85 and pDEL109, 
a 1 kb Sspl fragment of CID mutants was amplified and subcloned 
25 into the backbone of a wild type HBV plasdmid. Therefore, the 
defective interfering phenotype of CID mutants is encoded 
entirely within this 1 kb fragment. When the amino acid 
sequences of this 1 kb insert of DEL85 and DEL109 were 
compared, the only common mutations between these two 
30 different CID mutants was the core internal deletion as well as an 
A-to-T change and a G-to-A change at nucleotide 1762 and 17 64 
respectively (referred to as TA mutations). The TA mutations 
occurring within the basal core promoter/X gene have been found 
in patients with chronic hepatitis, fulminant hepatitis and 
35 hepatocellular carcinomas. TA mutants are replication competent 
and might replicate slightly better than wild type (Buckwold et al., 
"96). The modest effect of TA mutation on the replication of HBV 
cannot explain for the interference of up to a 16 fold effect. 
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When the deleted core protein alone was provided to 
the wild type HBV, no apparent negative effect on the replication 
of wild type HBV was observed (Figure 6F). There is also no 
negative effect from the CID mutant at the level of transcription. 
5 Taken together, the defective interfering phenotype of HBV C3D 
mutants appears to be caused mainly by a single deletional 
mutation and no detectable negative effect is involved in the 
interference. Interference of HBV-CID mutants may be secondary 
to enrichment. 

10 

EXAMPLE 22 

Multiple Immune Escape Mutations and defective interfering- 
Immune Shelter Hypothesis 

15 As described earlier, the deleted core protein is highly 

unstable in vivo (Figure 6). This result led to the hypothesis that 
the deleted core protein often gets degraded soon after synthesis 
without ever being presented to the immune system as a target 
antigen. This hypothesis is supported by the previous observation 

20 that CID mutants T61 and T109, accumulated no mutation in the 
other known hotspot mutational domains of core antigen (Hosono 
et al M '95). By contrast, late stage helper virus variants generally 
accumulate an average of 4 mutational domains in HBcAg (Hosono 
et al M '95). This result is reinforced by the present invention that 

25 three additional clones of CID mutants from two different patients 
also contain no mutation in other mutational domains (Figure 7B). 
Taken together, 5 different CID clones from 4 different patients 
accumulated a total of zero mutations, instead of the predicted 
total of 12 mutations, in the other hotspot mutational domains of 

30 HBcAg. Therefore, the deleted core proteins of CID mutants 
appear to ignore the immune selective pressure and can be 
considered as "immunologically anergic". 

When lymphocytic choriomeningitis virus (LCMV) was 
injected into transgenic mice bearing a LCMV-specific T cell 

35 receptor (TCR), LCMV variants containing immune escape 
mutations within the cytotoxic T lymphocyte (CTL) epitope were 
found to prevail from evolution. Although immune escape 
mutations of LCMV were possible in this artificial animal model 
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which bears a monospecific TCR, it is unclear how could multiple 
independent immune escape mutations occur simultaneously in 
the field within multiple epitopes of multiple viral antigens 
concurrently under immune surveillance. For example, there are 
5 an average of 4 different putative immune escape mutations 
within different HLA-class II-restricted T cell epitopes of HBV 
core antigen (Hosono et al., 95). Similarly, at least four different 
mutations at four topographically distinct antibody recognition 
sites on the three-dimentional structure of the influenza 
10 haemagglutinin have been proposed as a requirement for the 
production of new epidemic strains between 1968 and 197 5 
(Wiley et al., '81; Caton et al., *82). The internal deletion of OD 
mutants only deleted one, sometimes two, of the four potentially 
important T cell epitopes (Figure 7B; Jung et al., '95; Hosono et al., 
15 '95; Tsai et al., '96). Since the occurrence of mutations is always a 
rare event, to date, it is unknown whether the statistically 
unlikely occurrence of multiple immune escape mutations of 
viruses could actually occur in nature under the host's 
multispecific immune system. 
20 To look for a similar phenomenon in natural HBV 

infections, serum samples were collectedfrom three chronic 
carriers during a longitudinal study and found the deleted core 
mutation in HBV by PCR. The deletions in these DNA fragments 
were found to occur in the central part of HbcAg via sequencing. 
25 Furthermore, in the case of a Korean patient, the same CID variant 
population appeared to predominate during the 4 year follow-up 
period. The total HBV DNA titer was seen to fluctuate over time 
and somtimes even dropped to a very low or undetectable level 
(Figure 7C). Interestingly, the relative abundance of CID variants 
30 and helper viruses also appeared to vary over time. The relative 
intensity of helper virus-specific DNA was often greater than that 
of the CID variant DNA. However, at some time points, the reverse 
was observed (Fig. 7C, in 1991; Fig. 7D, in 1989). It should be 
mentioned here that in Fig. 7C, and 4D, the absolute amount of the 
35 PCR product was not measured. Rather, the ratios between the 
wild type and CID variant populations at different time points 
were compared. Therefore, the quantity of each band is internally 
controlled by the other band. 

38 
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These results indicate that a dynamic equilibrium 
could exist between the CID and helper HBV in vivo. This 
observed waxing and waning of DMike and helper viruses are 
reminiscent of the cycling phenomenon reported in other DI viral 
5 systems, such as rabies and vesicular stomatitis virus (VSV) (21, 
29). 

Defective interfering particles were often found in 
cultures persistently infected with virulent viruses. The 
attenuating effect of defective interfering particles on the titer of 

10 helper viruses should provide the parental helper virus an 
advantage in establishing or maintaining persistent infection. 
Since HBV is not directly cytopathic to hepatocytes, the symbiotic 
relationship between defective interfering and helper HBV is 
different from previously reported defective interfering particles 

15 in other viruses (Holland '87). The present invention indicates 
that defective interfering particles could contribute to latency and 
chronicity of HBV infection by attenuating the replication of wild 
type helper viruses (Figure 3C, 3E, 3F) and subsequently 
decreasing the total amount of loaded wild type antigens to a 

20 subclinical level (which is) below the detection threshold of the 
hosts' immune surveillance. This hypothesis is supported by the 
finding that CID mutants are rarely (or never) found in acute 
hepatitis patients (Ehata et al M '93; Aye et al., '94), but are found 
in 100% of asymptomatic HBV carriers (Okamoto et ah, '87), 64% of 

25 Japanese chronic hepatitis patients (Wakita et al., '91), 100% of 
HBV-infected kidney transplantation patients (Gunther et al M '95), 
and 75% of European Caucasian chronic active hepatitis (Ackrill et 
al., '93); however, in only 7% of chronic hepatitis B patients in 
Hongkong (Akarca and Lok '95). The discrepancy of the defective 

30 interfering prevalence between Hongkong and other places is 
unclear. It is possible that some of the HBV defective interfering 
viruses do not have deletion in HBcAg. 

EXAMPLE 23 

35 

The in vivo cycling of variants in the Korean patient 
happens to contain a predominant CID variant population which 
shares an identical deletion with DEL85 and two other CID 
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variants independently identified by two other research groups 
(see Fig. 8). Despite the identical CID deletion in the core region, 
DEL85 and the CID variants in the Korean patient are different 
from each other in the non-deleted portion by a total of 6 amino 
5 acids (data not shown). Thus, PCR contamination between DEL85 
and the Korean sample is highly unlikely. In summary, the 
behavior of the cloned variant DEL85 probably can be directly 
related to the in vivo cycling data. Finally, according to the 
definition of cycling, the ratio between helper and DI particles 
10 does not remain constant. Depending on the timing of the 
sampling, the ratio between helper and DI viruses is expected to 
vary. 

Figure 9 shows the transfection of DEL85 plasmid DNA 
with a wild type core protein expression vector (pSVC) at a 10:1 

15 DNA mass ratio into rat Morris hepatoma cell line 7777 or Q7. A 
total of 30 neomycin resistant colonies were selected from the 
transfected culture. After screening for active HBV DNA 
replication by Southern blot analysis, two independent clones 
(designated as DEL85/Q7 clones 1-15-1 and 1-12-2), producing 

20 the putative DEL85 HBV replication. Thus, the present invention 
demonstrates that one can produce a stable cell line producing 
defective interfering particles of viral origin. Furthermore, one 
can now purify defective interfering particles to homogeneity that 
are free from contamination of the replication competent helper 

25 virus. 
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specification are indicative of the levels of those skilled in the art 
to which the invention pertains. These patents and publications 
15 are herein incorporated by reference to the same extent as if each 
individual publication was specifically and individually indicated 
to be incorporated by reference. 



present invention is well adapted to carry out the objects and 
20 obtain the ends and advantages mentioned, as well as those 
inherent therein. The present examples along with the methods, 
procedures, treatments, molecules, and specific compounds 
described herein are presently representative of preferred 
embodiments, are exemplary, and are not intended as limitations 
25 on the scope of the invention. Changes therein and other uses will 
occur to those skilled in the art which are encompassed within the 
spirit of the invention as defined by the scope of the claims. 



Any patents or publications mentioned in this 
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WHAT IS CLAIMED IS: 

1. A defective interfering virus particle, wherein 
said particle naturally occurs in a human infection. 

5 

2. The defective interfering vims particle of claim 
1, wherein said particle has a naturally occurring core antigen 
internal deletion. 

10 

3. The defective interfering virus particle of claim 
1, wherein said particles have the following characteristics: 
replication defective, rescuability by helper viruses, interference 

15 of helper virus, and enrichment of defective interfering particles. 



20 



25 



4. The defective interfering virus particle of claim 
1, wherein said virus is a hepatitis vims. 

5. The defective interfering vims particle of claim 
1, wherein said vims is a hepadnavims. 

6. The defective interfering virus particle of claim 
5, wherein said vims is Hepatitis B vims. 



7. A defective interfering vims particle, wherein 
30 said particle is a Hepatitis B defective interfering particle having a 
artificially created mutation. 



8. The defective interfering virus particle of claim 
35 l, wherein said particle has a mutation of Hepatitis B core antigen. 
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9. The defective interfering virus particle of claim 
8, wherein said particle has a deletion of approximately amino 
acids 88-135 of Hepatitis B core antigen. 



5 



10. The defective interfering virus particle of claim 
9, wherein said particles is pDEL85. 



10 11. The defective interfering virus particle of claim 

8, wherein said particle has a deletion of approximately amino 
acids 82-122 of Hepatitis B core antigen. 

12. The defective interfering virus particle of claim 
15 11, wherein said particle is pDEL109. 



13. A pharmaceutical composition, comprising the 
defective interfering virus particle of claim 1 and a 
20 pharmaceutical^ acceptable carrier. 



14. A vaccine, comprising the defective interfering 
virus particle of claim 1. 

25 

15. A vector comprising a DNA sequence coding for 
the defective interfering virus particle of claim 1, wherein said 
vector is capable of replication in a host and said vector comprises, 

30 in operable linkage: 

a) an origin of replication; 

b) a promoter/enhancer element; and 

c) a DNA sequence coding for said defective interfering 
virus particle of claim 1. 

35 

16. The vector of claim 15, wherein said vector is a 
eukaryotic vector. 
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17. A host cell transfected with the vector of claim 
16, said vector expressing a defective interfering virus particle. 

5 

18. The host cell of claim 17, wherein said cell is 
selected from the group consisting of bacterial cells, a transgenic 
animals, transgenic plants, mammalian cells and insect cells. 

10 

19. A method for preparing defective interfering 

virus, comprising the steps of: 

(1) introducing a defective interfering virus and a 
complementing plasmid expressing a wild type virus core antigen 

15 and optionally containing a drug resistance gene, into a recipient 
cell; 

(2) selecting for stably transfected colonies; 

(3) growing the drug resistant cells and screening 
for the production of virus DNA replication; and 

20 (4) collecting defective interfering virus particles 

from the medium. 

20. A cell line producing the defective interfering 
virus particle of claim 1. 

25 



48 

SUBSTITUTE SHEET (RULE 28) 



WO 98/11916 PCT/US97/16541 



1/32 



oo 



oo 



CO 



C\J 



CD 



CO 



O 



Ui 
Q 



SUBSTITUTE SHEET (RULE 20) 



WO 98/11916 




PCT/US97/16541 



LO O 

CO «— 




Figure IB 




WO 98/11916 



3/32 



PCT/US97/ 16541 





PCT/US97/16541 



LO o 

00 r- 

t~ LU LU 

S O Q 

a. o. o. 



3.5 kb 

2.3 kb 
2.0 kb 





Figure ID 



aBimREHETflUiS 



WO 98/11916 




PCT/US97/16541 



HBV 



core 



pol 



pPOLCAT 



core 



p85POLCAT I 1— C 
pi 09POLCAT 



o 



O 

E t 



< 

—j 

o 



-1. 

CJ 

o 

Q_ 

LO 

CO 
CL 



»*.> 
-J 

O 

O 

o 



• m m 



Figure IE 




WO M/11916 



PCT/US97/16541 



6/32 



u 

0) 

u c 
O co 

E i3 



oo 



Q 



CD 

o 



Q 



37kd« 
27kd' 



!9kd 



Figure IF 



WO 98/11916 




PCT/US97/16541 



pWT 


8 


0 


0 


0 


0 


0 


0 


0 


0 


0 (ug) 


pSVC 


0 


8 


0 


4 


8 


12 


0 


■ 4 


8 


12 


pDEL85 


0 


0 


8 


8 


8 


8 


0 


0 


0 


0 


pDEL109 


0 


0 


0 


0 


0 


0 


8 


8 


8 


8 




Figure 2A 



WO 98/11916 

8/32 



PCT/US97/16541 




WO 98/11916 



9/32 



PCT/US97/16541 



E 
c 

CM 

O) 

CO 
0) 

c 

CO 

n 

o 

to- 
ri 
< 



1 - 




1.40 



-1.35 



1.30 



- 1.25 



- 1.20 



•i.lo 



CO 

E 



V) 

c 
Q 



2 





68 10 12 14 16 18 20 



1.10 



i ftlCtfOU IV*.. 



•2i- Absui'oaaco 




* 



Hi' 



Fraction no. 2 4 6 8 10 11 121314 15 16 18 



Figure 2C 



SBiRHESEraua} 




0 2 4 Q 8 10 12 14 1G 10 20 



ss-*~ 




Fraction no. 2 4 6 8 1011121314151618 

Figure 2D 



WO 98/11916 PCT/US97/16541 

12/32 




o o 



i - O O 

s « ° 

r- o o o 




o 
o 



*4* 



<v 3 



. — i _j < 

r lu uj c? 
5 Q O h- 
a a a a 



o 



CO 
CO 



.> *^ E 

c -f= rr> 

« a> ~ 22 

a: 



LlJ 



Figure 3B 



WO 98/11916 



PCT/US97/16541 



13/32 



g 

N- O O * 

o o 
o o 

CO 

o o o 



k o ^ o 

i"- O v - O 

o o 




O O O 




t~ UJ LU CD 
> Q Q H 
a a a a 



CO 



Figure 3C 



I§r«E SSI {Sill 



WO 98/11916 




14/32 



pWT 7 7 7 
pDEL85 0 1.7 7 
pDELl 09 0 0 0 




:^la.iv.- 100 M V, 
it iter.:,it.y 

tnrichtnont Z.\ 11 

(fold) 




PCT/US97/16541 



7 7 7 (ug) 
0 0 0 
0 1.7 ' 7 




1 oo :;o i o 

2.9 ii.4 



Figure 3D 



WO 98/11916 



PCTYUS97/16541 

15/32 




WO 98/11916 



16/32 



l , CT/US97/16541 



pWT 7 7 7 7 (ug) 

pDEL85 0 7 0 0 

pDELl 09 0 0 0 7 





SUBSTITUTE SHEET (RULE 2Q 



WO 98/1 1916 M M PCT/US»7/I<i541 

18/32 



Before Transfection 



pWT 
pDEL85 



0 
0 



7 
0 



0 
7 



7 
7 



7 

3.5 



7 

1.7 



0.6 kb 



relative 
population(%) 



(ug) 




• wt 
-del 



WT 31 50 82 
DEL 69 50 18 



After 

pWT 7 7 7 
pDEL85 0 3.5 7 




relative 100 17 13 

popu!ation(%) 0 83 07 
Enrichment (fold) 5 3 



Transfection 

pWT 7 7 7 (ug) 
pDELI 09 0 3.5 7 




relative 100 25 14 

population(%) 0 75 86 
Enrichment (fold) 3 3 



Figure 4 



WO 98/11916 



19/32 



PCT/US97/16541 




flmnnEHrauai 



20/32 




o o o 



> 

CO 

X CD ( . 

Q ^ O g 

m oo t- 

lO -J -J < 

o_ ll) lu O 

a Q. a a 




HBimiEfflEW 



WO 98/11916 




PCT/US97/16541 



WO 98/11916 V ■ PCT/l)S97n6S41 

22/32 



o 
u 

O) 
V) 

CJ c 
O m 



«m CX 



> 
to 



O 



CO 

> 
CO 



> 

CO 
Q. 



28 kd— 



20 kd— 



Figure 6B 



23/32 



o 



Q> 
O 



CD 

o + 



t I 



00 z 

a cc 



CO 

CD 

■CD 

O 



o + 



O i 

LO ~ 

> w 



O 




WO 98/11916 ^BJ 

24/32 



PCT7US97/16S41 










< 
















< 






cn 








O 


o 




CO 


r— 




Q. 


a. 


Q_ 


Ql. 


00 




to 


CO 


CL 


CL 




CL 




Figure 6D 



WO 98/11916 




PCT/US97/16541 



Figure 6E 



WO 98/11916 

w 26/32 



PCT7US97/16541 




WD58/11916 rcr/IIWWMMl 



27/32 



<y> O «- N CO CO 

oo o 1 ) o ct> cr> ct> 



f\J <\J (VJ <\j to c\i 
t- o o o o «- 




_ 0> Osf O <\J CO 

^ m co in,. ?x> 



Figure 7A 





SUBSTITUTE SHETfRULfZO) 



WO 98/11916 

29/32 



PC17US97/16541 




^_ ^_ PC1VUS97/16541 

WO 08/11916 



30/32 



L66L 



066 L 



68 G i 



8861 



/3(> I 
986 L 



ft 



WO 98/11916 



PCT/US97/1654 1 

31/32 




CO 
CD 



CD 



CJ 



CD 
CD 



"CD 
CD 



CD 
CD 



in 



c 

CD 



CO 
Q_ 



CO 
_J 
LU 

Q 



CO 
LU 

z 

3 

o 

erf 

00 

c5 

LU 

Q 



oo 



LU 

o 



OQ 



IX, 



LO 

cn 
cn 



to 

♦J 

CD 
CO 

CO 

< 



CD 
CD 



CO 
O 



CO 



CO 



0) 

C 
CO 



SUBSTITUTE SHEET (ROLE 20) 



WO 98/11916 



32/32 



PCTYUS97/16541 



<\J r- 

l | i— 

(\J IT) • 

f— (T> 

l i • 

i— i— CVl 



RC- 



Figure 9 



INTERNATI Of-Vf SEARCH REPORT 



laa^^Bmal application: No. 
P^TOS97/I654l 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC(6) 1A6IK 39/12. 39/29; CI2N 7/00. 7A)1. 7AM, \SJ0Q 

US CL :424/lS9.l, 204.1. 205.1. 225.1, 227.1; 435/235.1. 236. 320, 325 
According to Inter national Patent Classification (IPC) or to both national classification and IPC 

a Fl ELDS SEARCH ED 

Minimum docn men taboo searched (classification system followed by classification symbols) 
U.S. : 424/189.1. 204.1. 205.1. 225.1. 227.1; 435/235.1. 236. 320. 325 

Documentation searched other than minimum documentation to the extent that such documents are included m the fields searched 



Electronic data base consulted during the international search (name of data base and. where practicable, search terms used) 
APS, DIALOO, MEDLINE, BIOSIS. EMBASE 

search terms: HBV interfering pern'oles, Dane particles, core antigen, HBcAg, hepatitis B virus 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, waara appropriate, of the relevant passage* 


Relevant to claim No. 


X 


TERRE et al. Defective Hepatitis B virus Particles Are Generated by 
Packaging and Reverse Transcription of Spliced Viral RNAs In 
Vivo. Journal of Virology. October 1991, Vol. 65, No. 10, pages 
5539-5543, see abstract and pages 5542. 


1-12, 20 


Y 


13-19 


X 
Y 


AKARCA et al. Naturally Occurring Core-Gene Defective Hepatitis 
B Viruses. Journal of General Virology. 1995, Vol. 76, pages 1821- 
1826, see abstract and page 1825. 


1-12 
13-20 


X 
Y 


SCAGUONI et al. Characterization of Hepatitis B Virus Core 
Mutants That Inhibit Viral Replication. Virology. 1994, Vol. 205, 
pages 112-120, entire document. 


1-12, 20 

13-19 



| xj Farther documents axe listed in the cc«tinuatio« of Box C. ( | See patent family annex. 



Spaaial aa—gnriw of akad i 



*B* 



■tot dafwn« tfca goaaral MoU of tto 
to to of pftioulf rt Uv o— 

aarbar ooo«awoal pubiktod oa or arW «m intenulienal rUiof aaaa 



later Ju m— in* ■ablohai. altar at mAmcm*L*a m ml Ctkn% tit 
oafta md not m aoa/lict wnk «*a apptipotioo but e«ud 1 
tto prioajph or ttomj taWorr/iaf tto anraotkoo 



doaafoat which airy tfarov aoutoi oa pnority olaam<») or 
cttad to aaTahliah tto publkalioo daU of anottor utaboa or oftor m 
•pacial rniwi (at spaciiW) 

rtnnaai — t rafarring ■» a* oral *a*cVo*w*. at, a aJaibaioa or ottor 
doc*a»tat paMiaaort poor to tto a>tetT»atac»aai niaag oata bm later than 



idorod ooval or oaajtot ba oooaidarod to mvohr* i 
i ooataooBl m tokos < 



l to 

i nrrantiva atop 



aa4 of partiaular ralovaoea; tha claim ad iovaat 
la twvotv* on mt*out« atop whoa US* 



hoia* otoioftat to a paraon •fcittad in tea art 
oeataaant aaaaitor of tto aao.* pw te ot tmmiiy 



Date of the actual completion of the international search 
09 NOVEMBER 1997 


Date of mailing of the international search report 

1 2 DEC 1997 


Name and mailing address of the 1SAAJS 
Box PCT 

WtthJaglon, D.C 20231 
Facsimile No. (703) 305-3230 


Authorized officer C V^VV^i 
MY WILLIAMS \J /* 
Teiephone No. (703) 30S-0196 > V A 



Form PC17ISA/210 (second theetXJuly 1992)* 



INTERNATIOJ 



SEARCH REPORT 



lxtteAkflVal application No. 
PCT/US97/16541 



C (CottfouabonX DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Ci taboo of document, with tadicaboa, where appfopciate, of Ike relevant pasaages 



Relevant to claim No. 



X 
Y 

X 
Y 

X 
Y 



RUIZ-OP AZO et aJ. Evidence for Supercoiled Hepatitis B Virus 
DNA in Chimpanzee Liver and Serum Dane Particles: Possible 
Implications in Persistent HBV Infection. Cell. May 1982, Vol. 29, 
pages 129-138, see abstract and pages 135-136. 

WAKTTA et al. Detection of Pre-C and Core Region Mutants of 
Hepatitis B Virus in Chronic Hepatitis B Virus Carriers. Journal of 
Clinical Investigation. December 1991, Vol. 88, pages 1793-1801, 
see abstract and pages 1793 and 1799. 

TRAN et al. Emergence of and Takeover by Hepatitis B Virus 
(HBV) with Rearrangements in die Pre-S/S and Pre-C/C Genes 
during Chronic HBV Infection. Journal of Virology. July 1991, 
Vol. 65, No 7, pages 3566-3574, see abstract and pages 3572 and 
3573. 



1-12 
13-20 

1-12 
13-20 

1-12 
13-20 



Form PCT/1SA/210 (cootinuaboa of second theetXJuly 1992)* 



